We present a summary of spectra of Seyfert galaxies observed by the OSSE detector aboard Compton Gamma Ray Observatory. We obtain average spectra of Seyfert galaxies of types 1 and 2 and Ðnd they are well Ðtted by thermal Comptonization. We present detailed parameter ranges for the plasma temperature and the Compton parameter in the cases of spherical and slab geometries. We Ðnd both the average and individual OSSE spectra of Seyfert 2s are signiÐcantly harder than those of Seyfert 1s, which di †erence can be due to anisotropy of Compton reÑection and/or Thomson-thick absorption.
INTRODUCTION
One major unresolved problem of astrophysics of active galactic nuclei (AGNs) is the form of their soft c-ray spectra (at energies keV). The X-ray spectra of Seyfert gal-Z100 axies are known relatively well and consist (at keV) of Z2 power-law, Compton-reÑection, and Fe Ka components (e.g., Nandra & Pounds 1994 ; Nandra et al. 1997 ; Zdziarski, & Smith 1999) . However, the form of a Lubin ski, high-energy cuto † of the power law remains poorly constrained. In the case of the brightest radio-quiet Seyfert galaxy, NGC 4151, results from the Oriented Scintillation Spectroscopy Experiment (OSSE ; Johnson et al. 1993) aboard Compton Gamma Ray Observatory show the spectrum above 50 keV is well described by thermal Comptonization (e.g., Johnson et al. 1997a, hereafter J97) . However, the X-ray spectrum of NGC 4151 is heavily absorbed, and it is not clear whether its intrinsic spectrum is typical for Seyfert galaxies.
In the case of other radio-quiet Seyfert galaxies, constraints (from either OSSE, RXT E, or BeppoSAX) on the form of their individual soft c-ray spectra are rather poor due to limited photon statistics. One way to better constrain the soft c-ray properties is to consider average spectra. Studies of the average D2È500 keV spectra of Seyfert galaxies observed by both Ginga and OSSE Gondek et al. 1996, hereafter G96) and EXOSAT and OSSE (G96) have shown that purely nonthermal models (e.g., Lightman & Zdziarski 1987 ) are highly unlikely. Although those authors have shown that thermal Comptonization provides a good description of the observed spectra, they have approximated model spectra from that process by a power law with an exponential cuto †. This simple model has also been used in numerous studies of individual objects (e.g., Zdziarski et al. 1994 ; Bassani et al. 1995 ; Weaver, Krolik, & Pier 1998 ; Matt 1999 ; Perola et al. 1999) , with the obtained e-folding energies being in fair agreement with those obtained for the average spectra. The e-folded power law, however, provides only a rough approximation to the actual spectral shape from thermal Comptonization, and the relationship between the e-folding energy and the electron temperature is not straightforward (e.g., Stern et al. 1995) .
The purpose of this work is to determine the tightest currently possible constraints on the range of electron temperature, kT , and the Thomson optical depth, q, in radioquiet Seyfert galaxies. To achieve this, we compute here the average OSSE spectra of all radio-quiet Seyfert 1s and of Seyfert 2s observed (except NGC 4151, the brightest object by far). We stress that OSSE still remains the most sensitive detector in the range keV currently operating, and Z100 it will be surpassed only by the IBIS detector aboard the International Gamma Ray Astrophysics L aboratory (INT EGRAL ) (Ubertini et al. 1999) .
We Ðt the obtained data sets (with the useful energy range of D50È500 keV) with a highly accurate model of thermal Comptonization of Poutanen & Svensson (1996) . We Ðnd that their statistical accuracy is sufficient to provide useful constraints on the average parameters of the Comptonizing plasma in those sources. Furthermore, we apply this model to the previously obtained average OSSE spectrum of NGC 4151 (J97) and to the average D2È500 keV spectra of Seyfert 1s from Ginga and OSSE and EXOSAT and OSSE of G96.
2. THE DATA Table 1 gives the log of observations of all (except NGC 4151) radio-quiet Seyfert 1s and 2s detected by OSSE through the end of 1998. The data for individual objects include systematic errors estimated from the uncertainties in the low-energy calibration and response of the detectors using both in-orbit and prelaunch calibration data and correspond to an uncertainty in the e †ective area in the OSSE response. This uncertainty is D3% at 50 keV decreasing to D0.3% at keV. Z150 Table 1 also gives the photon power-law indices, !, Ðtted in the 50È200 keV range to sums of observations of individual Seyfert galaxies with detection signiÐcance p. The Z4 indices are plotted in Figure 1 . The mean and its error of the best-Ðt values for Seyfert 1s and 2s are 2.37^0.11 and 2.06^0.15, respectively. The intrinsic dispersions of the distributions (given by their standard deviations) are 0.37 and 0.42, respectively. The probability that the two distributions have the same mean and standard deviation is 5%, as obtained from the Student t distribution. The mean weighted by the uncertainties and its error for Seyfert 1s and 2s are 2.50^0.09 and 2.05^0.09, respectively.
We have then co-added the spectra of Seyfert 1s and 2s, obtaining data sets with 1.3 ] 107 s and 9.1 ] 106 s of OSSE exposure (scaled to a single OSSE detector with an e †ective area of 500 cm2) with 2.8 ] 106 and 2.7 ] 106 of source photons (in the 50È150 keV range) from 17 and 10 AGNs, respectively. Source photons in the average Seyfert 1 and 2 spectra are then detected in the ranges of D50È500 keV and 50È400 keV, respectively. The upper limits at higher energies are much above our model spectra, and thus we use only the above energy ranges in our Ðts.
SPECTRAL FITS TO THE AVERAGE SPECTRA
First, we note that the average OSSE data when Ðtted by a power law (PL) give spectral indices, !, signiÐcantly higher (Table 2 ) than the average X-ray spectral index of Seyfert 1s, (Nandra & Pounds 1994) . This ! X^1
.9È2.0 implies the presence of a spectral break between D20 and D50 keV. Then, we test for the presence of high-energy cuto †s in the average spectra themselves. We Ðnd sta- tistically signiÐcant Ðt improvements when the power-law model is replaced by an e-folded power law (EPL) in both Seyfert 1s and 2s ; see Table 2 . The probability that the Ðt improvements were by chance (obtained using the F-test) equals to 0.003 in each case. This result argues strongly that spectra of individual Seyfert galaxies have high-energy cuto †s in a relatively narrow range of energies. If, instead, there were a wide power-law distribution of the cuto † energies, the sum spectrum would be a power law without a cuto †.
We then consider a model with thermal Comptonization (TC) and Compton reÑection. We use the model COMPPS v3.41 (Poutanen & Svensson 1996) in XSPEC (Arnaud 1996) . Since the actual geometry of Seyfert galaxies remains mostly unknown, we choose here spherical geometry, which is relatively generic, with spectra independent of the viewing angle. In similar spirit, we assume the source of seed photons at the center with a blackbody spectrum at kT bb \ 10 eV. This model has been extensively tested against a Monte Carlo method 2000), and Figure 2 shows (Gierlin ski a good agreement between spectra obtained with the two methods (for the plasma parameters close to those of the 1 COMPPS code is available on the internet at ftp ://ftp.astro.su.se/pub/ juri/XSPEC/COMPPS. Ginga-OSSE Ðt below). As the independent parameters of the model, we choose the electron temperature, kT , and the Compton y parameter,
where q is the radial Thomson optical depth. A given value of y corresponds to an approximately constant value of the 2È10 keV spectral index, (e.g., ; ! X Poutanen 1998 ; Beloborodov 1999b ; see below).
ReÑection is treated using angle-dependent GreenÏs functions of Magdziarz & Zdziarski (1995) and neglecting Comptonization of the reÑected radiation in the hot plasma. Then, the obtained strength of reÑection, R (deÐned relative to the reÑection strength from an isotropic point source above a slab), corresponds approximately to its unscattered fraction. Since the OSSE data cannot independently constrain y, kT , and R, we keep R Ðxed at 0.75, obtained by Ðtting the average Seyfert 1 spectrum from Ginga and OSSE of G96. The inclination assumed by G96 is cos i \ 0.87 (e.g., Nandra et al. 1997 ), which we also assume in our Ðt to the Seyfert 1 spectrum. On the other hand, Seyfert 2s are most likely seen more edge-on, and we assume cos i \ 0.4 for the Seyfert 2 spectrum. We assume the reÑec-ting medium is close to neutral with the abundances of Anders & Ebihara (1982) .
The resulting data and model spectra are shown in Figure 3 . The parameters are given in Table 2 and the error contours are shown in Figure 4 . Its right vertical axis shows the value of the index (of the Comptonization spectrum ! X without the reÑection component) computed at kT \ 100 keV. As mentioned above, is a weak function of kT at a ! X given y, and it changes within for 50
We see that the error contour for Seyfert 1s is consistent within 1 p with their average X-ray spectral index being approximately ( The contours for NGC 4151 and the average Ginga-OSSE (marked "" GO ÏÏ) and EXOSAT -OSSE (marked "" EO ÏÏ) spectra of G96 are also shown. The right vertical axes in this Ðgure and Fig. 5 give the 2È10 keV intrinsic spectral index for kT \ 100 keV. Zdziarski et al. 1999 ). The range of kT corresponding to this is D60È150 keV. ! X We have also reÐtted the average X-ray/c-ray (Xc) spectra of Seyfert 1s observed by both Ginga and OSSE and by EXOSAT and OSSE of G96. We Ðtted them (in the range ¹500 keV) in the same way as in G96 except for modeling the primary continuum by thermal Comptonization instead of the e-folded power law. We obtain kT \ 190 keV, 166 keV, and y \ 0.57, 0.59, respectively, at the best Ðts, with the error contours shown in Figure 4 . The resulting parameters are consistent within 1 p with those of the average spectrum of all Seyfert 1s observed by OSSE. However, our current data set, with photon statistics being much better than those of the two OSSE spectra of G96, represents the currently best estimate of the average kT in Seyfert 1s.
Figures 3 and 4 also show the spectrum and the error contour, respectively, for the average of OSSE observations of the brightest Seyfert galaxy, NGC 4151 (J97) obtained with the same model. Since the strength of reÑection in NGC 4151 is rather uncertain due to strong absorption in X-rays, we have constrained R to be in the 0È1 range while computing the error contour (which assumption is responsible for its irregular shape). We see that the X-ray spectrum implied by these data is very similar to that of typical Seyfert 1s, with
The obtained range of ! X D 1.8È2.0. temperature is relatively low, kT D 50È80 keV, in agreement with the results of Zdziarski et al. (1996) and J97.
COMPARISON BETWEEN SEYFERT 1s AND 2s
The weighted average of the 50È200 keV indices of individual objects (Table 1 and Fig. 1 ) and the indices in the power-law Ðts to the sum spectra (Table 2) for Seyfert 1s, 2.50^0.09 and 2.56^0.14, respectively, are signiÐcantly softer than those for Seyfert 2s, 2.05^0.09 and 2.21^0.12. The probability that the two samples are drawn from the same distribution is only 5% (see°2). This di †erence is conÐrmed by Figures 3 and 4 , where we see that the average spectrum of Seyfert 2s is noticeably harder than that of Seyfert 1s. 
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We have investigated whether this di †erence can be explained by the viewing angle di †erence between Seyfert 1s and 2s. One relevant e †ect is the strength of Compton reÑection decreasing with the increasing viewing angle. Since the spectrum from Compton reÑection typically peaks around 30 keV followed by a steep decline at higher energies, the larger R, the softer the spectrum in the OSSE range. However, this e †ect is already included in our Comptonization/reÑection model, and Figure 4 shows that it is not sufficient to account for the di †erence between the y parameters of the average spectra. We note, however, that the average inclination of Seyfert 2s remains unknown. We have found we can Ðt the two spectra with the same Comptonization/reÑection model (with R \ 0.75) if cos i \ 0`0.3 for Seyfert 2s within 90% conÐdence.
An additional subtle e †ect appears when the Comptonizing medium has a slab geometry. Namely, photons emitted at a large viewing angle (with respect to the slab normal) undergo a larger number of scatterings than those emitted at a small viewing angle, due to the escape probability at a given depth from the surface, q@, in a given direction being exp ([q@/cos i). We have thus Ðtted our data with a model in which the Comptonizing medium forms a slab with a half-thickness q and the seed photons are emitted by point sources in the midplane. We have Ðrst Ðtted with this model the Ginga-OSSE spectrum of G96, and then Ðxed the obtained R in the Ðts to our average spectra. The resulting best-Ðt parameters are kT \ 63 keV, 67 keV, y \ 0.34, 0.48, for Seyfert 1s and 2s, respectively. The error contours are shown in Figure 5 . We see that the two parameter ranges are still incompatible with each other. This means that the spectral shape does not change sufficiently due to this e †ect to account for the observed spectral di †erence (see Fig. 3 ). For example, in the case of the best-Ðt Seyfert 1 model spectrum (including both Comptonization and reÑection), the ratio of monochromatic Ñuxes at 150 keV and 50 keV increases only by 14% when the inclination changes from cos i \ 0.87 to cos i \ 0.4.
The above results also show that the obtained values of kT and only weakly depend on geometry. For Seyfert 2s, ! X our results imply between 1.4 and 1.9 and kT between 50 ! X and 170 keV. We then consider possible e †ects of absorption/scattering in a torus surrounding the central source being important in Seyfert 2s. This can be an important e †ect in the OSSE range only when the torus is Thomson thick, N H Z 1.5 ] 1024 cm~2. Then the hardening occurs (apart from a weak e †ect of photoelectric absorption) because the torus becomes more transparent to scattering with the increasing photon energy due to the Klein-Nishina e †ects. We have applied a numerical model of torus absorption/scattering of Krolik, Madau, & (1994) to our average spectrum of Z 0 ycki Seyfert 2s assuming the intrinsic spectrum from thermal Comptonization of Seyfert 1s. We have obtained a good Ðt at cm~2 with an intrinsic TC (s l 2 \ 22/26) N H \ 3 ] 1024 spectrum identical in the cases of Seyfert 1s and 2s with a torus with an opening angle of 60¡. However, since that numerical model does not allow for including Compton reÑection from a disk, we cannot obtain meaningful constraints on its parameter space.
On the other hand, the only Seyfert 2 in our sample with a Thomson-thick absorber is NGC 4945 (Risaliti, Maiolino, & Salvati 1999) , with cm~2 (see also N H^4
] 1024 Madejski et al. 2000) , which nucleus is also viewed edge-on (Greenhill, Moran, & Herrnstein 1997) . Also, some e †ect of absorption on the OSSE band is possible in Mrk 3, with cm~2 (Cappi et al. 1999) . Then
in NGC 4507 and NGC 4388, and less than 1023 cm~2 in other Seyfert 2s in our sample (Risaliti et al. 1999) , in which cases the e †ect of scattering on our spectra is negligible.
Thus, we cannot rule out an intrinsic di †erence between Seyfert 1s and 2s. Such a di †erence may be hinted for by X-ray spectra of individual Seyfert 2s often appearing harder than those of Seyfert 1s (e.g., Bassani et al. 1995 ; Smith & Done 1996) . If indeed the X-ray spectra of Seyfert 2s were harder than those of Seyfert 1s, then our results above would indicate a correlation between the X-ray slope and that in the OSSE band. On the other hand, we consider it possible that a complex structure of the absorber causes underestimating of the actual and in some Seyfert 2s. ! X N H Finally, we consider the possibility that our obtained difference between the soft c-ray spectra of Seyfert 1s and 2s is simply caused by large relative contributions of a few bright objects to our average spectra. In the case of Seyfert 1s, 38% of the total number of source photons come from IC 4329A. For Seyfert 2s, we have 29% and 24% contributions from NGC 4388 and NGC 4945, respectively. Thus, if those objects had a typical spectra for their categories, they would signiÐcantly bias the shape of the average spectra. However, inspection of the distribution of the spectral indices in Figure 1 does not conÐrm this supposition. All three objects have spectra quite typical for their corresponding category.
On the other hand, it is interesting that four narrow emission-line galaxies (NELGs) in our sample of Seyfert 2s (Fig. 1) have somewhat softer spectra than regular Seyfert 2s (which e †ect is most pronounced for NGC 5506). NELGs are objects intermediate between Seyfert 1s and 2s and are often considered together with Seyfert 1s in one class (e.g., Nandra & Pounds 1994) . Figure 1 also marks 2 Seyfert classiÐed as type 1.5 included in our Seyfert 1 sample.
In order to further investigate the issue of the e †ect of individual objects on our average spectra, we have also studied average Seyfert 1 and 2 spectra derived from observations up to the end of 1995. Those averages were based on of the statistics of the present spectra (1.8 ] 106 and D2 3 ZDZIARSKI, POUTANEN, & JOHNSON Vol. 542
1.6 ] 106 photons, respectively). Those samples contain, e.g., less than half of the photons from IC 4329A, none from NGC 3516, and almost none from NGC 4945 (see Table 1 ). Thus, if IC 4329A and NGC 4945 were substantially di †er-ent from the average Seyfert 1 and 2, respectively, we would expect signiÐcant di †erences in the spectral shape of the old and new averages. However, the old and new average spectra can be Ðtted with identical models with hardly any increase of s2 with respect to independent Ðts, and the F-test gives the probability that their spectral shape di †er of for either Seyfert 1s or 2s. [50% Summarizing, we do Ðnd that Seyfert 2s have signiÐcantly harder spectra than Seyfert 1s (whereas their cuto † energies or temperatures are similar). This di †erence can be explained by the dependence of Compton reÑection on orientation only for orientation close to edge-on (cos i [ 0.3). The angular dependence of thermal Comptonization spectra in slab geometry is of relatively minor importance. The e †ect of Thomson-thick absorption in a torus surrounding the Xc source is important in NGC 4945 and, possibly, Mrk 3.
DISCUSSION
We have obtained quantitative constraints on the average electron temperature and the Compton parameter (or, equivalently, the Thomson optical depth) in Seyfert 1s and 2s (approximately kT D 50È150 keV and y \ 1, q [ 1). These results put constraints on theoretical models of Seyfert galaxies as well as of the cosmic Xc background. A detailed analysis of these constraints is beyond the scope of this work and we only outline the main relevant issues below.
Physically, the value of temperature in a source is determined by energy balance between heating and cooling. The balance depends, Ðrst of all, on the source geometry, which determines the Ñux of seed photons incident on the plasma. Production of seed photons appears to be dominated by blackbody photons emitted by an optically thick medium in the vicinity of the hot plasma , with the Ñux of thermal synchrotron photons being negligible in luminous AGNs & Zdziarski 2000) . Thus, the (Wardzin ski values of kT puts constraints on the geometry of the X-ray sources. Two geometries appear possible : a patchy corona above a cold accretion disk, and a hot accretion disk with an overlapping cold medium (either an outer cold disk, cold blobs, or both ; see, e.g., Poutanen 1998 .
The patchy corona geometry has been discussed recently by, e.g., Haardt, Maraschi, & Ghisellini (1994) , Stern et al. (1995) , Poutanen & Svensson (1996), G96, and Beloborodov (1999a) . In the case of Seyfert galaxies which have on average quite soft spectra and large reÑection (! X D 1.9) (R D 0.75), the patchy static corona still appears to be a viable model. The situation is di †erent for those objects which have hard spectra and little reÑection (see Zdziarski et al. 1999) . In order to produce hard spectra, the emitting region should be well separated from the cold accretion disk (e.g., Svensson 1996) , but in that case the predicted reÑec-tion is close to unity. Mildly relativistic motions of emitting plasma away from the disk, however, solve both problems producing hard spectra and little reÑection (Beloborodov 1999a (Beloborodov , 1999b . We also note that this model can produce reÑection larger than unity when emitting plasma is moving toward the disk.
Coronal models either with or without eB pair production are possible. We note that studies of thermal pair plasmas in pair equilibrium predict no distinct pair annihilation even from pair-dominated plasmas (Macio¡ek-Zdziarski, & Coppi 1995) . Thus, the lack of Niedz wiecki, such a feature observed by OSSE (e.g., J97) does not rule out the presence of thermal eB pairs.
The hot disk model has been developed by Shapiro, Lightman, & Eardley (1976) , whose solution branch was cooling dominated (and thermally unstable). Including advection gives rise to a stable, low-luminosity solution branch, and the intersection of the two branches limits the luminosity and the optical depth of an inner Ñow (Narayan & Yi 1995 ; Abramowicz et al. 1995 ; see Zdziarski 1998 for a model parametrizing the Ñow by y). The role of eB pair production is in general negligible et al. 1996) . (Bjo rnsson The values of kT D 100 keV and are predicted by this q [ 1 model close to the maximum possible luminosity of the hot Ñow, in agreement with our results. In order to account for the observed range of and R, an overlap between the hot ! X disk and a cold one is required (Poutanen, Krolik, & Ryde 1997 ; Zdziarski et al. 1999) .
It is noteworthy that black hole binaries in their hard states show Xc spectra very similar to those of radio-quiet Seyfert galaxies. For example, spectra of Cyg X-1 and GX 339È4 have been well modeled by thermal Comptonization at q D 1, and kT D 100 keV and D60 keV, respectively et al. 1997 ; Zdziarski et al. 1998 ). Hard-state Xc (Gierlin ski spectra of X-ray novae are also similar (Grove et al. 1998) .
Another class of objects for which a comparison with Seyfert galaxies is of interest is broad-line radio galaxies. Their Xc spectra have been studied by et al. Woz niak (1998), who found both their X-ray and soft c-ray spectra (with and S!T \ 2.15^0.16 in the S! X T \ 1.67^0.18, 50È500 keV band) to be harder than those of Seyfert 1s (similarly to the case of Seyfert 2s). On the other hand, et al. (1998) have not found a high-energy cuto † in Woz niak their average OSSE spectrum, indicating the importance of nonthermal Compton scattering. This conclusion has to be considered tentative as the statistical accuracy of that spectrum is much below those of radio-quiet Seyfert galaxies. Still, a support for the importance of nonthermal processes in radio galaxies is provided by the c-ray spectrum of the radio galaxy Cen A, which has a broken power-law form with the spectral breaks at D100 keV and D10 MeV (Steinle et al. 1998) .
The form of the average spectra of Seyfert 1s and 2s is of primary importance synthesizing the cosmic Xc background from individual sources. This synthesis appears possible provided Seyfert 2s dominate the hard X-ray background (e.g., Zdziarski et al. 1995 ; Comastri et al. 1995) .
CONCLUSIONS
We have obtained error contours in the kT -y space for the average spectra of Seyfert 1s and 2s observed by OSSE. Combining the contours for Seyfert 1s with their average X-ray spectral index of (Nandra & Pounds ! X^1
.9È2 1994), we obtain kT^50È150 keV. The corresponding Thomson optical depth (q^y ] 128 keV/kT ) of Seyfert 1s is q^0.3È1.5 in spherical geometry and q^0.1È0.6 in slab geometry.
We also Ðnd both the average and individual Seyfert 2 spectra are signiÐcantly harder than those of Seyfert 1s.
This di †erence can be partly due to the spectral component from Compton reÑection being weak in Seyfert 2s, provided their average inclination is edge-on enough. Furthermore, Thomson-thick absorption can account for the di †erence in two (out of eight) objects in our sample.
